Abstract Aim-The aim of this paper is to report on a systematic review of the world literature to provide information about the most effective forms ofhealth promotion interventions to reduce childhood (0-14 years) unintentional injuries. The findings are of relevance to policy makers at a local or national level, to practitioners and researchers. Methods-The relevant literature has been identified through the use of electronic databases, hand searching of journals, scanning reference lists, and consultation with key informants. Results-Examples of interventions that have been effective in reducing injury include: bicycle helmet legislation, area wide traffic calming measures, child safety restraint legislation, child resistant containers to prevent poisoning, and window bars to prevent falls. Interventions effective in changing behaviour include bicycle helmet education and legislation, child restraint legislation, child restraint loan schemes, child restraint educational campaigns, pedestrian education aimed at the child/parent, provision of smoke detectors, and parent education on home hazard reduction. For the community based campaigns, the key to success has been the sustained use of surveillance systems, the commitment of interagency cooperation and the time needed to develop networks and implement a range ofinterventions. Education, environmental modification and legislation all have a part to play and their effect in combination is important.
Conclusion-The design of evaluations in injury prevention needs to be improved so that more reliable evidence can be obtained. Better information is needed on process, so that successful strategies can be replicated elsewhere. There is also a need for literature reviews on effectiveness to be updated regularly and for their findings to be widely disseminated to policy makers, researchers, and practi- Throughout the developed world, child unintentional injury is a leading cause of death, serious morbidity, and permanent disability.
In a number of countries, policy makers have set targets for reducing injury rates.1`' However, it is important to recognise that unintentional injury encompasses a range of injury types occurring in a number of settings, for example on the roads, at home, and in play/ leisure environments. In different injury settings and for different injury types there may be a number of potential countermeasures that may achieve reductions in the frequency of events or in the severity of those injuries which occur. Hence, there is no single measure that would solve the injury 'problem', or any single target group on which to focus interventions. For this reason, those involved in health promotion need to know which interventions have been demonstrated to be effective.
Methods
In an earlier paper in Injury Prevention we examined the role of health education in injury prevention and contended that criticisms of health education were based on a narrow view of what it has contributed.4 The present review draws on a systematic review of the world literature.5 It is broader in remit, in that the earlier review drew on specific examples of educational interventions to illustrate the argument, whereas this review has included a larger number of studies and assesses the relative contribution of education, environmental modification, and legislation in changing behaviour and reducing injury. Relevant studies for inclusion in the present review were identified by systematic bibliographic searches, changes) few evaluated studies have been published and what evidence there is regarding effectiveness is relatively weak. There is also some evidence from epidemiological studies that suggests strategies for prevention. These background studies are discussed within this paper because they suggest potential strategies for future evaluative work.
Given the heterogeneity of injury types, study designs, outcome measures, and statistical methods in the studies reviewed we have not attempted a meta-analysis. We have presented findings from the review in tabular form elsewhere.56
Results THE ROAD ENVIRONMENT (TABLE 1) In a number of developed countries, injuries on the roads are the leading cause of injury death in childhood. There is a steep social class gradient for road injuries. For example, in England and Wales children in the lowest social class (V) are more than four times as likely to die as pedestrians than children in social class I."4 Most child pedestrian injuries occur in built up areas and rather that being concentrated in 'blackspots' they are scattered across the road network. Others take a more pragmatic view and maintain that, given that children are exposed to the road environment it is necessary to equip them with at least some knowledge and skills to improve their chances ofusing roads safely.32 A number of studies have demonstrated that children can increase their knowledge about the road environment. Nevertheless, few studies have achieved behaviour changes in child pedestrians and fewer still have been able to link child education campaigns with changes in casualty rates.
A campaign in the USA described by Yeaton and Bailey involving road crossing training for 5 to 9 year olds resulted in improved road crossing skills in the study group and these improvements were maintained at one year follow Up.33 However, this was a small scale study and there was no control group. Other programmes using simulated road environments have also shown improved crossing skills in groups receiving instruction. [34] [35] [36] [37] [38] Programmes involving observations of children crossing in real road environments have also resulted in improved crossing behaviour.39 While it is clear that crossing roads demands a large number of skills, many of these programmes focused on single or groups of target skills, such as identifying safe places to cross or safe gaps in the traffic. It is not easy to decide whether improvement in specific skills will protect a child from injury on the roads.
Longer 
A number of educational campaigns have achieved changes in behaviour -that is, increased numbers of children observed travelling correctly restrained in cars. Reductions in death and injury, however, have followed the introduction of legislation and there is a strong case for extending legislation to cover all car occupants. Nevertheless legislation will not achieve its full potential while children remain inadequately restrained. Children and parents need access to approved devices at reasonable cost and restraints must be properly fitted and easy to use on every car journey. Hence supportive educational and loan schemes should also be extended.
INJURIES IN THE HOME ENVIRONMENT (TABLE 2) For young children (between 1 and 5) most unintentional injuries occur in the environment where this group spend most of their time -at home. Children under 5 are at particular risk of deaths from fire, falls, suffocation, and strangulation, and while deaths from poisoning are rare, a large number of children suffer non-fatal injury as a result of poisoning. Like road traffic accidents there is a social class gradient for unintentional injuries in the home (particularly for burns), with children from more deprived homes being at greatest risk.92 (A) Safe home design There is little direct evidence that modifications in home design have achieved injury reductions. Nevertheless, some aspects of domestic architecture are clearly hazardous and have been covered by building regulations: these include the provision of handrails on stairs and restrictions on the use of interior glazing in new built homes. To evaluate the effect of features ofhome design on injury there is a need for constant monitoring of home accident reports.
(B) Product design A number of products have been associated with specific injury types and,-therefore, withdrawal of certain products from the market have resulted in decreases in injuries. Sorensen describes injuries associated with particular types of domestic products -coffee makers, vacuum cleaners, and front loading washing machines -and the specific injuries resulting from their poor design.93 Lobbying manufac- Mass media campaigns aimed at burn prevention have been shown to achieve some gains in knowledge but have not been associated with reductions in injury."5 Claims that burn injury reduction was achieved as a result of a large scale campaign in Denmark are unconvincing.'20 While the authors did show a reduction in burn admissions, the lack of control group meant that it was not possible to conclude that the reductions were attributable to the programme.
For poison prevention the extension of regulations concerning the safe packaging of medicines and hazardous substances have been successful in reducing deaths and hospital admissions among young children. However, regulations are patchy and many poisons remain unregulated. Sibert et al have also revealed that voluntary codes of practice for safe product packaging are of limited value.'32 Many substances continue to be dispensed in unsafe packaging. A campaign in South Africa encouraging the safe storage of paraffin achieved a reduction in paraffin ingestions. 16 This study showed that providing families with a free, fairly effective safety device, achieved positive results. Nevertheless, 'safe' packaging is not a panacea. Many poisoning incidents involve regulated products. Walton has noted that 'child resistant' is not childproof, and safer packaging does not reduce the need for safe storage of poisons and adequate supervision of young children at risk from poisoning. '" There is no evidence that poison labelling deters young children and a study evaluating 'Mr Yuk' stickers found that children were attracted to labelled containers rather than repelled by them.'4' THE LEISURE ENVIRONMENT (TABLE 3) There have been few evaluations of programmes aiming to reduce unintentional injury in the leisure environment despite the fact that large numbers of children are injured each year playing and participating in sport. Drowning is a major cause of unintentional injury death in England and Wales and among children over 5 (and particularly boys) these submersion injuries are likely to occur in leisure environments, especially in open waterways. '42 Teaching children to swim seems to offer some protection. "4 Whether this protective effect extends to younger children is more controversial as it has been suggested that teaching these children to swim may lead to greater exposure and poorer supervision by parents. There have been no large scale trials comparing injury in children exposed to swimming training programmes. The provision of guards on beaches and popular swimming areas have been associated with reductions in drowning deaths.'44"45 Although there has been no trial comparing guarded and unguarded pools, the very small number of drowning deaths in public pools in England and Wales suggests that trained lifeguards do offer some protection against drowning. Of course, this may be because supervised children take fewer risks and the potential for drowning incidents is reduced. However, Kemp and Sibert suggests that the relatively high ratio between drowning and near drowning events suggests that prompt resuscitation by pool guards also saves lives. '42 Barriers for domestic ponds and pools have been shown to reduce injury deaths in Australia and the USA.'4"-'55 Above, rather than inground pool design, also reduces the risk of young children wandering into pools. Legislation in favour of pool barriers has been estimated to reduce domestic pool deaths by half.'55 Despite the fact that pool barriers are of known efficacy, a study by Wintemute and Wright revealed that the majority of domestic pool owners were not in favour of legislation but favoured first aid training instead.'49 Such findings underline the need for any legislative changes to be backed by educational campaigns to raise awareness of the relative efficacy of different approaches and to create a climate of opinion in favour of legislation.
A large number of children are injured each year playing. There are a number of possible countermeasures for play and sports injuries including policy changes, environmental improvement, the provision of safety devices, and child and parent education.
The section on road injury emphasised that the street environment doubles as a play area for children, and policy changes that reduce the volume and speed oftraffic in residential streets have the potential to reduce child injuries. There have been few evaluated studies examining the impact on child casualty rates of interventions such as closing off streets to provide 'play streets'.
Similarly, there has been no reported evaluation of the impact of environmental changes in playgrounds, and although playground equipment and surfaces have been associated with injury, there are no before and after trials with different types of equipment. While public opinion seems to favour shock absorbing surfaces in playgrounds, there is no study of the relative effect of different surfacing materials on injury rates. King and Ball suggest that the concentration on surfaces rather than equipment or simple overcrowding is based on a misconception about the scale and severity of head injuries after playground falls.'56 An evaluated intervention in the USA however, did achieve reductions in hazardous equipment in playgrounds."' There is little evidence that child and adult education result in reductions in play and leisure injuries, although there is evidence that lack of supervision and poor motor control in children are associated with injury. '58 There is a need for greater investigation of the value ofa number ofprotective devices used in sporting activities. While helmets are of known value for horse riders'59 there is a need for further surveillance in other sports.
COMMUNITY BASED CAMPAIGNS
A number of studies have targeted all injury types and all age groups as part of community based injury prevention campaigns. ' A final conclusion is that many programmes do not address the issue of social deprivation. It is known that there is a steep social class gradient in mortality for unintentional injury. Some studies did attempt to target more deprived neighbourhoods but in most cases it is not clear whether findings would be generalisable across different social class groups.
The field of child and adolescent injury prevention is maturing rapidly and this is reflected in the rate of increase in publications.
There is a continued need for literature reviews on effectiveness in injury prevention to be updated regularly and for their findings to be widely disseminated to policy makers, researchers, and practitioners. 
